The augmenting effect of pyrogens on urine flow in the dog has been demonstrated and shown to be associated with increased solute excretion (1) and unresponsiveness of the renal tubule to antidiuretic doses of Pitressin@ (2). The possible experimental and clinical usefulness of a group of substances which are able to increase solute excretion and interfere with antidiuretic activity is obvious.
The augmenting effect of pyrogens on urine flow in the dog has been demonstrated and shown to be associated with increased solute excretion (1) and unresponsiveness of the renal tubule to antidiuretic doses of Pitressin@ (2) . The possible experimental and clinical usefulness of a group of substances which are able to increase solute excretion and interfere with antidiuretic activity is obvious.
The present report records our observations of the renal effects of pyrogen on mongrel dogs and an analysis of the mechanism of a pyrogen diuresis.
MATERIAL AND METHODS
A total of 21 female mongrel dogs were used in these experiments. All animals were studied in the postabsorptive state under light anesthesia. Initial anesthesia was produced by the intravenous injection of 25 mgm. Pentobarbital per kilogram of body weight approximately 45 minutes before the start of any experiment. Light anesthesia was maintained throughout the remainder of the experiment by the administration of 25-mgm. doses of Pentobarbital at approximately hourly intervals.
The constant infusion technique was used for the measurement of renal dynamics. Clearances of creatinine (Cc,) and para-aminohippurate (CPAH{) were used as measures of glomerular filtration rate and renal plasma flow, respectively. Timed urine collections were made through an indwelling bladder catheter. Mid-period blood sampling was done through a polyethylene catheter from either the femoral or iliac vein. Plasma and urine osmolarity and urine flow were measured, and from these total solute excretion, free water clearance, and osmolar clearance were calculated. Timed urine collections were made for at least 45 minutes before and for more than two hours following the intravenous injection of pyrogen in all experiments. 4 Creatinine concentrations in plasma and urine were determined by the Jaffe reaction (3); PAH concentrations in plasma and urine by the method of Smith, Finkelstein, Aliminosa, Crawford, and Graber (4); glucose concentrations by the method of Nelson (5) ; and chlorides by the method of Schales and Schales (6) . Sodium and potassium concentrations were measured with a flame photometer using a lithium internal standard. For In four of the six dogs studied, free water clear-ance" means the amount of "distilled" water one would have to add to one minute's urine excretion to restore that urine to isotonicity (equal to plasma osmolarity); thus, this amount of water represents the per minute volume of "free water" removed by the tubules during the elaboration of hypertonic urine. The reverse is applicable to hypotonic urine, and represents the per minute volume of water one would have to "distill off" from a minute's excretion of urine in order to restore that urine to isotonicity. 6. Urine osmolarity (Column 6). In all dogs there was a fall in urine osmolarity, during the period of pyrogen activity, towards that of the plasma. The mean and standard deviation of the osmotic activity of dog plasma in this series is 310 ± 14 mOsm. per L. From an average control level of 994 mOsm. per L. urine osmolarity fell to an average of 401 mOsm. per L. at the height of pyrogen activity.
7. Osmotic U/P ratio (Column 7). In all dogs there was a fall in the osmotic U/P ratio toward 1.0. The highest control osmotic U/P ratio was 4.1 which fell to 1.5 during pyrogen diuresis (dog No. 921). The smallest fall in osmotic U/P ratio was seen in dog No. 955 (2.9 to 2.0). Inspection of Table I and Figures la and lb show that the increased excretion of sodium, chloride, and potassium accounts in the main for the increase in total solute excretion, and there is no gross change in the excretion of other urinary solutes.
B. Sodium and chloride excretion (Columns 9 and 11). These two ions showed the most striking increase in excretion rate during pyrogen activity. The smallest change in the rate of sodium excretion was a tenfold increase from 10 ,uEq. per minute to 103 pEq. per minute (dog No. 955).
The greatest change was a thirtyfold increase from 14 /Eq. to 403 juEq. per minute at the height of the pyrogenic effect (dog No. 915). Chloride excretion on the other hand ranged from a threefold to a sevenfold increase in this group of animals.
C. Potassium excretion (Column 10). This ion showed a large increase in excretion rate during the pyrogenic effect, although it was not as marked as the effects on sodium and chloride. (9) , and the "distal water economy" of Brodsky, Rapoport, and West (10) . The symbol Tmc2, (Figure 2 ) is meant to represent the constant maximum level of solute free water removed during the concentrating process at wide ranges of urine flow above a minimal level (e.g., dog No. 415, Control periods, Table IV). flow there was a fall in urine osmolarity and a decrease in Tc20. Figure 2 is a plot of osmolar clearances against urine flows for an animal in whom the rate of infusion of solute was varied. It can be seen that during control periods, before the administration of pyrogen, the tubular removal of solute free water by the concentrating apparatus reaches a maximum (Tmc ) of 4.8 cc. per minute at urine flows above 9.0 cc. per minute (line A). During the "pyrogenic effect," this maximal rate of free water removal is decreased by more than half (line B).
DISCUSSION
The complex interrelationship between filtration rate and hormonal action on glomerular and tubular factors in determining the quality and quantity of elaborated urine is well known. No consistent relationship exists between renal plasma flow and the quality and quantity of excreted urine. The present studies have demonstrated that in response to intravenous pyrogen in proper doses normally hydrated anesthetized animals receiving a saline infusion develop a striking rise in solute excretion made up chiefly of sodium, potassium, and chloride. The consistent rise in solute excretion is usually, but not invariably, accompanied by a rise in filtration rate (see Figures  la and lb) . The effects of a saline infusion on urine flow and solute excretion in dogs who do not receive pyrogen are minimal as compared to those receiving pyrogen over a similar period of time (11) . Since there is no consistent alteration of proximal function (Tm0 measurements in dogs of Group II), the changes can scarcely be ascribed to tubular damage of a non-specific type. While physiological alterations of proximal tubular handling of solute and water may be induced by a large dose of pyrogen, and should not be ignored, their magnitude (if any) cannot be determined by ordinarily available methods. The exact mechanism of the increased electrolyte excretion seen during the pyrogenic effect is not clear. The excretion of electrolyte usually rises to a peak coincident with or shortly after the rise in filtration rate (see Figure lb) , declines slightly and is then maintained at a high level for many hours while the filtration rate returns to pre-pyrogen levels. This suggests a transient glomerular component (increased filtered load) and a more prolonged tubular factor to account for the electrolyte excretion pattern during the pyrogenic effect. In dogs receiving a glucose and water infusion (Group III), electrolyte diuresis is less marked and transitory and follows the time course of changes in filtration rate. Recent work has indicated that one of the effects of the administration of pyrogen is a diminution in adrenal hormone production (12) . An altered adrenal "salt" steroid production induced during the pyrogenic reaction may not explain the increased urine electrolyte excretions completely, since a rise in excretion of solute, mainly electrolyte, is seen in adrenalectomized dogs given pyrogen (13) . The possibility that pyrogens may produce their effects on electrolyte excretion through alterations in the paraventricular nuclei with a resulting natriuresis is not known at this time (14) .
The uniform rise in total excreted solute following the administration of pyrogen does not in itself account for the uniform rise in minute flow of urine. It is apparent from Group I and Group III dogs that a dissociation between the renal handling of solute free water and solute water exists and that they may vary independently in response to pyrogens. The fall in osmotic U/P ratio, the rise in free water clearance (negative towards positive) and the rise in osmolar clearance in normally hydrated dogs of Group I is supporting evidence. (16) have shown that under certain circumstances, in the absence of endogenous ADH of water loading, dogs may elaborate a concentrated urine; further, these studies have implicated a fall in filtration rate and the rate at which solute is delivered to the concentrating apparatus, as possible factors. Recalculation of published data from solute loaded-hydropenic dogs in which "diabetes insipidus" was produced acutely by surgical means shows that such animals elaborate an isotonic urine at all rates of solute excretion (17) ; but under prolonged observation dogs made "diabetes insipidus" by surgical means may elaborate concentrated urine during hydropenia (18) . Thus, at the two extremes of hydration the evidence indicates that posterior pituitary antidiuretic hormone is not the sole factor controlling the concentration of urine.
The biological similarity of exogenous ADH (Pitressin@) and endogenous posterior pituitary ADH in their ability to produce a concentrated urine under conditions of solute loading has been demonstrated (19) . Two mechanisms may explain the interference with the maximum reabsorption of solute free water in hydropenic-solute loaded dogs by pyrogen (see Figure 2, (15, 16) . The corollary may follow that the increased filtration rate (and solute delivery) usually seen during the pyrogen effect evokes an opposite effect of decreased reabsorption of free water. Our evidence supports the first explanation since the requirement of increased solute excretion necessary for the second explanation was not found in our dogs (Group IV) at the time of the fall in free water reabsorption ("pyrogenic effect").
Evidence of increased salt excretion in humans during the infusion of pyrogenic inulin and triple typhoid (preceded by a transient fall with typhoid) is known (20, 21) . The undesirable sideeffects of pyrogens (e.g., fever, abdominal cramps, etc.) in their present form limit their clinical usefulness when given in comparable doses to those described for the dog. Whether varying degrees of the phenomena reported here are common to all fever-producing agents and especially the endotoxins of gram negative bacteria is not known. Fever was not uniformly seen in the present studies; when present, its prevention by antipyretics, as in other studies with pyrogen, did not alter its renal effect (22) . While no substance with the effects reported here has been described, the possibility that a polysaccharide (from gram negative bacteria) which might be clinically useful needs further investigation.
SUMMARY AND CONCLUSIONS
1. An increase in solute excretion and interference with the concentrating ability of the dogs' kidney has been demonstrated to be the result of the administration of a large dose of pyrogen.
2. Observations on the renal effects of pyrogen were made in 21 dogs, divided into four groupings. The following effects were noted: A. In dogs receiving a slow saline infusion, there was a uniform and often significant rise in urine flow, renal plasma flow, osmolar clearance and excretion of solute, mainly sodium, potassium and chloride. Inconsistent changes in filtration rate were noted as a result of pyrogen administration. There was also a uniform fall in osmotic U/P ratio and a decrease in "negative free water" clearance. B. In six dogs tubular maxima for glucose and PAH were studied before and after pyrogen administration and found to give inconsistent and variable results. C. The administration of pyrogen to dogs in whom an initial water diuresis had been inhibited by Pitressin@ showed a resumption of the diuresis in spite of continued Pitressin'S administration. This resumption of diuresis was not accompanied by an increased osmolar clearance, but rather by a dilute urine having a "positive free water" clearance. D. In hydropenic, solute-loaded dogs, Tmc was reduced by about half.
3. The results, their interpretation and possible clinical application were discussed. 
